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Biofeedback is the normal mechanism
whereby an organism consciously monitors
its behaviour and performance according to
information received from its environment.
A biofeedback system has been developed
to monitor, hy means of augmented sensory
stimuli, certain bodily functions previously
considered to he almost exclusively automatic.
The information, fed back through intact
sensory channels, gives an immediate and
continuous awareness of performance which
leads inevitably to improved, more objective
self-regulation. This mode of treatment has
heen particularly useful in the fields of medi..
cine dealing with reactions to stress, such as
hypertension (Shapiro et ai., 1969) and mi-
graine headache (Budzynski et al., 1970). A
high success rate is being claimed in these
areas.
More recently, these ideas have been ap-
plied in the area of physical rehabilitation.
What is emerging from various studies and
research activities is that the neurological
patient, from the cerebral palsied child to the
chronic elderly hemiplegic, is sensitive to bio-
feedback training, with benefits ranging from
mere reduction in spasticity through greater
control of movement to actual improvement
in task performance.
The physiological basis for these techniques
is explained by Bach-y-Rita (1972) in the
concepts of brain plasticity and sensory sub-
stitution. lIe maintains that new sensorimotor
loops can be formed and lost movement re-
gained, with the establishment of new path-
ways to central structures from information
supplied by alternative sensory modalities to
that of proprioception.
Some specific problem areas studied include
footdrop after stroke (Basmajian et al.,
1975), loss of hand function following spinal
cord lesions and hemiparesis (Brudny et al.,
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1974), and poor head control associated
with spastic torticollis (Brudny et al., 1973).
Using electromyography these authors claim
good results. Previously only a diagnostic
tool in disorders of muscle and nerve, electro-
myography has heen shown of value in a
therapeutic sense by feeding hack stimuli
from affected muscle groups in the form
of auditory signals which may vary in in-
tensity and frequency, and visual signals
represented numerically and graphically. Both
give information continuously and without
delay of a particular performance which is
immediately modified by the patient, to whom
improvement or the lack of it is clearly ap-
parent. As far as carry..over of function into
daily living is concerned, both Basmajian and
Brudny claim a 40% significant long-term
improvement rate in patients who have re-
ceived this treatment. All patients were
chronically affected, had previously under-
gone conventional methods of therapy and
reached a plateau, and were willing and able
to cooperate with the regime.
The question of impro¥ing function as
opposed to mere muscle training is an im-
portant one. Although portable electromyo..
graphic systems are becoming available,
making the treatment less static, there are
other systems currently being made for re-
search purposes which are even more dy-
namically related to function, because they
give feedback from joints and limbs. In this
way biofeedback has heen used to improve,
for example, asymmetry of step length - a
step length monitor measures the separation
of ankles during walking by ultrasound; bi-
lateral limb loading and rate - a dual force
monitor consisting of a box with an auditory
display system and a pair of overshoes; uni..
lateral weight transference (Herman, 1973)
- a limb load monitor consisting of an insole
wired up to a control box which can he
hooked on to the patient's belt; knee joint
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position (Wooldridge, Leiper and Ogston,
1976) - a knee angle monitor consisting of
a box and an electrogoniometer attached to
the patient's leg when walking; head control
in the cerebral palsied child (Halpern, 1970;
Wooldridge and Russell, 1976) - a sensory
aid head unit with auditory signals to each
ear, and a flashing head light, which may he
modified to activate a train set or a television
to increase motivation. Other systems devised
include a standing box (Herman, op. cit.)
which provides a sensory display of errors in
weight distribution, hip and knee alignment
and balance in standing; a sensory aid system
worn on the forearm for control of abnormal
tone in the wrist and hand (Herman, op~ cit.);
and a device for gaining control over the
elbow in the cerebral palsied child (Harris
et al., 1974).
Results in these areas of research have been
so promising, that some pioneers in biofeed-
back are questioning the effectiveness of cur-
rent, established therapeutic practices.
In this scientific age, modern therapeutic
practices should he in line with modern
physiological concepts. It may be that the
problem in essence of the brain-injured person
is one of movement. It is generally accepted
that normal skilled movement is the result of
the interaction of cortical control, brainstem
and spinal reflexes and sensorimotor inte-
gration~ Different philosophies put differing
emphases on the factors required to secure
more normal movement, and so, in order to
be effective, the skilled therapist should be
able to choose from a variety of techniques,
using "whatever works" for the patient at
that time.
Some forms of treatment may be criticized
for their lack of objectivity and of a firm
scientific basis, despite the fact that "they
work".
Luria (1963) stressed the role of defective
proprioceptive feedback integration as a fre-
quent cause of impaired motor function.
Herman goes one step further; he says
that proprioceptive feedback in neurological
patients is not just simply impaired, but
distorted in space and time. Therefore he
maintains that conventional techniques can-
not meet the precise requirements for accurate
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recalibration of motor function. He advo-
cates that ideally, feedback therapy should
give information, without delay, of the
preselected function, the initiation of the
movement, the execution and the termination.
All this information is compared continuously
with the central (intended) signal and per-
formance modified accordingly~ He says,
"the subject is aware of the magnitude and
direction of error and of success, partial
success or no success in performance ... thus
permitting spatial contrast of information. In
this manner reinforcement, attentiveness and
motivation are an integral part of the thera..
peutic programme~"
The argument for biofeedback training by
its logical nature is convincing; the extent of
its clinical application has yet to he realized,
and has to be viewed in the light of the com-
plexity of the brain-injured patient's prob-
lems. Perhaps its real usefulness will be for
selected patients who fulfil the requirements
of being willing and able to cooperate and
understand instructions, and have a specific
problem in one area of function, whether it
he largely as the result of a proprioceptive
deficit, a lack of understanding of the way
in which spasticity limits movement, or a
difficulty highlighting certain sensory cues in
an abundance of sensory information.
In any event, at this stage, biofeedback
must he regarded as a scientific advance in
the treatment of the brain-damaged patient,
and a possible future adjunct in the overall
rehahilitation programme.
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